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(54) Optical demultiplexing/multiplexing device 

(57) Multiplexorand demultiplexer devices for WDM 
or DWDM networks are described. The devices use an 
optical coupler, a plurality of bandpass optical filters, 
and a plurality of fibre Bragg gratings dispersed amid 



the bandpass optical filters. Each fibre Bragg grating 
has a narrow wavelength reflection band about a pre- 
detennined wavelength and is disposed next to a band- 
pass optical filter 
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D scription 

Field fth Inv nti n 

[0001 ] The present invention relates to an optical mul- 
tiplexing or demultiplexing device, or more specifically, 
to an arrangement of wideband filters and narrow reflec- 
tion band filters for multiplexing and/or demultiplexing 
optical signals according to wavelength. 

Background of the Invention 

[0002] Wavelength dependent multiplexing or demu I- 
tiplexing devices are commonly used in wavelength di- 
vision multiplexing (WDM) and dense wavelength divi- 
sion multiplexing (DWDM) telecommunications sys- 
tems, where several channels of Information, each at a 
slightly different wavelength, are carried in the same op- 
tical fibre. A multiplexor receives the Information via sev- 
eral individual optical signals, and combines these into 
a single output signal comprising the individuai chan- 
nels. A demultiplexer receives an optical signal having 
several channels, and separates this signal into inde- 
pendent output signals each corresponding to a dlffer- 
nt channel, which are Individually routed toward differ- 
ent destinations according to wavelength. In general, a 
single optical device perfomris the functions of a multi- 
plexor and a demultiplexer, depending on the direction 
the optical siglnal is travelling. 

[0003] Recently the International Telecommunica- 
tions Union has proposed a DWDM network standard 
with channels having a frequency separation of 100 
GHz (or a wavelength separation of 0.8 nm). According- 
ly, the perfonnance requirements for DWDM devices, 
Cijch as those for bandwidth, crosstalk, polarization de- 
pendent loss, polarization mode dispersion, insertion 
loss, are more stringent. The ability to minimize light 
losses at any of the desired channel wavelengths, and 
to minimize "crosstalk" -that Is, the reflection of small 
amounts of light from other channels into the path des- 
ignated for one specific channel are particularly impor- 
tant. 

[0004] U.S. Patent No. 5.748,350 to Pan et al. incor- 
porated herein by reference, discloses a multiplexor/de- 
multiplexor device to overcome these stringent require- 
ments. The device comprises an optical circulator, a plu- 
rality of bandpass wavelength division units, and a plu- 
rality of fibre Bragg gratings arranged in the optical fibres 
interconnecting the optical circulator and the bandpass 
wavelength division units (Fig. 1) The optical circulator 
is connected to a network optical fibre and the bandpass 
wavelength division units are connected to a plurality of 
input/output optical fibres. The bandpass wavelength di- 
vision units comprise serially connected bandpass 
wavelength division couplers. The Bragg gratings s p- 
arate the chann Is by reflecting one wavelength into a 
separate optical path while allowing all of the other 
wavelengths to continue through the original fibre. The 



fibre Bragg gratings are connected serially to one an- 
other. 

[0005] However, the multiplexor/demultiplexer of pat- 
ent *350 has certain drawbacks. The fact that the optical 

5 signal must pass through each serially connected fibre 
Bragg grating is a significant design limitation. This dis- 
advantage results from the unwanted cladding modes 
generated when the optical signal passes though the fi- 
bre Bragg gratings written to conventional single mode 

10 optical fibre. In particular, the optical signal is significant- 
ly degraded due to insertion loss and insertion loss rip- 
ple In general, these cladding mode phenomena occur 
1.2 to 1.5 nm below the Bragg wavelength. As a result, 
the plurality of Bragg gratings intended to enhance the 

15 isolation between wavelengths and minimize crosstalk 
between communication channels causes transmission 
losses in channels having central wavelengths shorter 
than the Bragg wavelength. 

[0006] For example, in the optical device disclosed In 
20 U.S. 

[0007] Patent ^350 the optical signal comprising chan- 
nels kyX^ passes through four serially connected fibre 
Bragg gratings having a narrow reflection bands about 
wavelengths Xg, X4, X©, and X^. The optical signal that 

25 has traversed the serially connected fibre Bragg grat- 
ings comprises channels having central wavelengths 
X3, A.5, and A7. Of each of these channels, only the 
channel having ai central wavelength X7 is substantially 
unaffected. Passing through the Bragg gratings sub- 

.30 stantlally degrades the optical signal con-espondlng to 
the other channels, which have central wavelengths at 
least 1 .2 nm less than the highest Bragg wavelength Xg. 
[0008] Another disadvantage of the optical device dis- 
closed In U.S. patent 350, is the signal loss attributed 

35 to a portion of the optical signal passing though optical 
elements that are not essential for demultiplexing said 
portion of the optical signal. For example, when the op- 
tical signal corresponding to channels having central 
wavelengths X^-Kq is demultiplexed to eight independ- 

"10 ent signals, each con-esponding to channels having 
central wavelengths X^-Xg, the signal con-esponding to 
the channel having central wavelength X^ will have tra- 
versed four fibre Bragg gratings having narrow reflection 
bands about wavelengths X2. X4: Xg. and X9 and a band- 

45 pass filter having a central wavelength X^. However, to 
separate precisely a signal corresponding to a channel 
having a central wavelength X^ it is only necessary to 
pass the optical signal corresponding to channels hav- 
ing central wavelengths X^-Xq through a fibre Bragg 

50 gratings having a narrow reflection band about wave- 
length X2 a bandpass filter having a central wave- 
length X^. Passing the optical signal through the addi- 
tional fibre Bragg gratings having narrow reflection 
bands about wavelengths X4, Xg, and X3, only serves to 

55 unnecessarily degrade the output optical signals. 

[0009] In an ideal optical arrangement, the plurality of 
optical elements is arranged so that all portions of the 
optical signal only traverse essential optical elements. 
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Furthermore, the arrangement of optical elements 
should be such that an output optical signal having a 
central wavelength of will only traverse fibre Bragg 
gratings with narrow reflection bands below or equal to 

[001 0] It is an object of this Invention to provide a mul- 
tiplexor/demultiplexer comprising a plurality of fibre 
i3ragg gratings and a plurality of bandpass optical filters, 
for use with single mode optical fibre. 
[001 1 ] It Is another object of this invention to provide io 
a multiplexor/demultiplexer using an arrangement of 
narrow reflection band filters and wideband filters, 
wherein the placement of narrow reflection band filters 
limits the number of unwanted cladding modes. 
[0012] It is another object of this invention to provide is 
a multiplexor/demultiplexer using an arrangement of fi- 
bre Bragg gratings and dichroic bandpass filters, where- 
in the arrangement of fibre Bragg gratings is designed 
to minimize signal losses associated with serial arrange- 
ments of the same. 20 

Summary of the Invention 

[0013] The present invention relates to a 
multiplexor/demultiplexor device constructed from a 
plurality of narrow reflection band filters and wideband 
filters for demultiplexing an optical signal carrying sev- 
eral channels of information, each at a slightly different 
wavelength, to several individual optical signals, each 
carrying a single channel of InfomDatlon. Alternatively, 30 
the device is used for multiplexing several individual op- 
tical signals, each carrying a single channel of Infomia- 
tion, to a single optical signal carrying several channels 
of information. 

[0014] Each narrow reflection band filter is used to 35 
separate a sub-signal from the multiplexed optical sig- 
nal, wherein the sub-signal corresponds to a single 
channel from one of n closely spaced channels of the 
multiplexed optical signal. Each wideband filter is used 
to separate the resulting sub-signal corresponding to at 40 
least two channels or group of channels, which are sep- 
arated by the channel space created in removing the 
single channel with the preceding narrow reflection 
band filter. The arrangement of narrow reflection band 
fillers and wideband filters Is designed to maximize the 45 
efficiency of the multiplexor/demultiplexor, and to mini- 
mize insertion loss and insertion loss ripple. 
[0015] In accordance with the present invention, an 
optical device for multiplexing/demultiplexing an optical 
signal comprises: so 



the plurality of wideband filters optically coupled to 
the plurality of narrow reflection band filters; 
said plurality of narrow reflection band filters and 
said plurality of wideband filters having a staggered 
arrangement, wherein a first narrow reflection band 
filter Is directly coupled to an end of a first wideband 
filter, the first wideband filter directly coupled to an 
end of a second narrow reflection band filter, and 
another end of the second narrow reflection band 
filter is directly coupled to an end of a second wide- 
band filter, 

wherein the first nan-ow refiecfion band filter Is 
for removing a portion of the optical signal having a 
wavelength greater than a predetermined wave- 
length of the first wideband filter, the second narrow 
reflection band filter is for removing a portion of the 
optical signal having a wavelength greater than a 
predetennlned wavelength of the second wideband 
filter, and the first narrow reflection band filter is for 
removing a portion of the optical signal having a 
wavelength less than the wavelength of a portion of 
the optical signal removed by the second narrow re- 
fiectlon band filter 

[0016] In accordance with the invention there Is fur- 
ther provided, a optical device for demultiplexing a mul- 
tiplexed optical signal to n sub-signals, each sub-signal 
corresponding to one of n channels, each channel hav- 
ing a different central wavelength, a 1^^ channel having 
a lowest central wavelength , an n*^ channel having a 
highest central wavelength A^, and each of n-1 channels 
having a central wavelength lower than a subsequent 
channel, said optical device comprising: 

an Input port for receiving the multiplexed optical 
signal; 

a plurality of fibre Bragg gratings optically coupled 
to the input port; 

a plurality of bandpass filters optically coupled to the 
plurality of fibre Bragg gratings; and 
a plurality of output ports optically coupled to the 
plurality of bandpass filters, each output port for 
transmitting one of the n sub-signals, 
said plurality of fibre Bragg gratings and said plural- 
ity of bandpass filters arranged so that a portion of 
the multiplexed optical signal corresponding to a 
channel m, and having a central wavelength X^, on- 
ly passes through fibre Bragg gratings having nar- 
row reflection bands below or equal to X^^+a <. where- 
in m Is less than or equal to n. *^ 



at least one input port; 

a plurality of narrow refiection band filters for reflect- 
ing predetermined wavelengths of the optical sig- 
nal, the plurality of narrow reflection band f ilt rs op- 
tically coupled to the at least one input port; and 
a plurality of wideband filters for transmitting other 
predetemnined wavelengths of the optical signal. 



[0017] In accordance with the present invention there 
is further provided, an optical device for demultiplexing 
a multiplexed optical signal to n sub-signals, each sub- 
ss signal corresponding to one of n channels, each channel 
having a slightly different central wavelength, a 1^* chan- 
nel having a lowest central wavelength X^, an n*^^ chan- 
nel having a highest central wavelength X^, and each of 
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n-1 chann Is having a central wavelength lower than a 
subsequent channel, said optical device comprising: 

an input port for receiving the multiplexed optical 
signal; 

a plurality of fibre Bragg gratings optically coupled 
to the input port; 

a plurality of bandpass filters optically coupled to the 
plurality of fibre Bragg gratings, each of the plurality 
of bandpass filters directly coupled to at least one 
fibre Bragg grating; and 

a plurality of output ports optically coupled to the 
plurality of bandpass filters, each output port for 
transmitting one of the n sub-signals, 
said plurality of fibre Bragg gratings and sard plural- 
ity of bandpass filters fomning at least two altemat- 
Ing series of a fibre Bragg grating directly coupled 
to a bandpass filter, the fibre Bragg grating for sep- 
arating closely spaced adjacent channels, and the 
bandpass filter for further separating non-adjacent 
channels. 

[001 8] In accordance with the present invention there 
is further provided, an optical device for demultiplexing 
a multiplexed composite channelized optical signal to n 
sequential sub-signals corresponding to n sequential 
channels, each channel having a different central wave- 
I ngth, a 1^* chann el having a lowest central wavelength 
X^, an nth channel having a highest central wavelength 
Xp, and each of n-1 channels having a central wave- 
length lower than a subsequent channel, said optical de- 
vice comprising: 

a first optical waveguide for carrying the multiplexed 
composite channelized optica! signal; 
a first fibre Bragg grating having an end for coupling 
to the first optical waveguide, the first fibre Bragg 
grating for blocking a channel having a central 
wavelength and for passing channels having 
central wavelengths and X^-X^; 
a first bandpass filter coupled to another end of the 
first fibre Bragg grating, the first bandpass optical 
filter for diverting channels having central wave- 
lengths A<3-Xn and for demultiplexing a sub-signal 
corresponding to a channel having a central wave- 
length A.^; 

a second fibre Bragg grating having an end for cou- 
pling to the first bandpass filter, the second fibre 
Bragg grating for blocking a channel having a cen- 
tral wavelength X4 and for passing channels having 
central wavelengths A^, and X^-Xj^; and 
a second bandpass filter coupled to another end of 
the second fibre Bragg grating, the second band- 
pass optical filter for diverting channels having cen- 
tral wavelengths X^-X^ and for demultiplexing a sub- 
signal corresponding to a chann I having a central 
wavelength T^q. 
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[0019] In accordance with th pres nt invention ther 
is provided, an optical device for demultiplexing a mul- 
tiplexed composite channelized optical signal to n se- 
quential sub-signals corresponding to n sequential 
channels, each channel having a different central wave- 
length, a 1 St channel having a lowest central wavelength 
X,, an n*^» channel having a highest central wavelength 
and each of n-1 channels having a central wave-' 
length lower than a subsequent channel, said optical de- 
vice comprising: 

an optical coupler having first, second and third 
ports, said third port for receiving the multipfexecJ 
composite channelized composite optical signal, 
said first and second ports for dividing the multi- 
plexed composite channelized composite optical 
signal into first and second sub-signals, a first sub- 
signal passing through a plurality of optical ele- 
ments for demultiplexing to n/2 sub-signals corre- 
sponding to channels having central wavelengths 
^1 Xrv2* • ••^> and a second sub-signal pass- 
ing through a second plurality of optical elements 
for demultiplexing to n/2 sub-signals corresponding 
to channels having central wavelengths Vi. Vs* 

said first plurality of optical elements comprising a 
plurality of bandpass filters for passing a portion of 
the first sub-signal having central wavelengths cor- 
responding to X^, X^2' V4. — and a plurality of 
fibre Bragg gratings for reflecting another portion of 
the first sub-signal. having central wavelengths cor- 
responding to X„.i. -^I. 
said second plurality of optical elements comprising 
a plurality of other bandpass filters for passing a 
portion of the second sub-signal having central 
wavelengths corresponding to Vi. Vs' Vs. -^1. 
and a plurality of other fibre Bragg gratings for re- 
flecting another portion of the second sub-signal 
having central wavelengths corresponding to X„, 

said first and second plurality of optical elements 
each comprising at least two alternating series of a 
fibre Bragg grating directly coupled to a bandpass 
filter, wherein each alternating series is directly cou- 
pled to another, and wherein the fibre Bragg grating 
Is for reflecting a portion of the optical signal having 
a centre wavelength which is greater than a prede- 
termined centre wavelength of the bandpass filter 

Brief Description of the Drawings 

[0020] Preferred embodiments of the invention will 
now be described by way of example with reference to 
the accompanying drawings, in which; 

Fig. 1 is a prior art schematic representation of an 
8-channel optical demultiplexer; 
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Fig. 2 is a schematic representation of an 8-channel 
optical demultiplexer according to one embodiment 
of the present invention; and 

Fig. 3 is a cross sectional side view of a dichroic 
bandpass filter. 

Detailed Description 

[0021 J The demultiplexer of the present invention in- 
cludes a plurality of narrow reflection band filters opti- 
cally coupled to a plurality of wideband filters, for coop- 
eratively demultiplexing a multiplexed optical signal cor- 
responding to a group of channels. Each of the narrow 
reflection band filters Is for separating a sub-signal cor- 
responding to a single channel, from the multiplexed op- 
tical signal corresponding to at least two channels hav- 
ing closely spaced and adjacent central wavelengths. 
Each of the coarser wideband filters is for further sepa- 
rating two non-adjacentchannels or groups of channels. 
The term 'demuitlplexor/ as used herein, encompasses 
any device used to separate a particular wavelength 
from an optical signal comprising a plurality of different 
wavelengths: 

[0022] Referring to Fig. 2, an eight-channel demulti- 
plexer 6 according to an embodiment of the present in- 
vention is shown. The demultiplexer includes an optical 
coupler 14 having three ports, a plurality of narrow re- 
flection band filters In the form of fibre Bragg gratings 
20*27, and a plurality of wideband filters In the form of 
dichroic bandpass filters 30-35. Each of the fibre Bragg 
gratings are directly coupled to one of the dichroic band- 
pass filters. The term 'directly coupled', as used herein, 
refers tea coupling of two elements, absent other optical 
components between the two elements, except perhaps 
a connecting optical waveguide. This is In contrast to 
the temri 'optically coupled', wherein the coupling of two 
elements via an optical pathway, dees not exclude in- 
tennediate optical elements. 

[0023] The optical arrangement shown In Fig. 2 is di- 
vided into two sections, each section comprising a plu- 
rality of fibre Bragg gratings and dichroic bandpass fil- 
ters. The first section 8 optically couples port 18 of the 
optical coupler 14 to output ports 40-43. The second 
section 1 0 optically couples port t9 of the optical coupler 
14 to output ports 44-47. The optical coupler optically 
couples the first 8 and second 10 sections via first 18 
and second ports 19, respectively. The optical coupler 
also includes an input port 12, which is optically coupled 
to the first 8 and second 10 sections. 
[0024] The optical an^angement of each section is 
such that a portion of the plurality of fibre Bragg gratings 
and dichroic bandpass filters fomns at least two alternat- 
ing series of a fibre Bragg grating directly coupled to a 
dichroic bandpass filt r. In the first branch 8, a first al- 
ternating series is fomned from fibre Bragg grating 20 
and dichroic bandpass filter 30, an end of fibre Bragg 
grating 20 directly coupled to an end of dichroic band- 



pass filter 30. Similarly, a second alternating series is 
formed from fibre Bragg grating 22 and dichroic band- 
pass filter 31 . and a third altemating series is fomned 
from fibre Bragg grating 23 and dichroic bandpass filter 

s 32. Each of the alternating series is coupled to another, 
e.g. dichroic bandpass filter 30 is directly coupled to fi- 
bre Bragg grating 22, and dichroic bandpass filter 31 Is 
directly coupled to fibre Bragg grating 23. In the second 
branch 1 0, a first alternating series is formed from fibre 

10 Bragg grating 24 and dichroic bandpass filter 33, a sec- 
ond alternating series formed from fibre Bragg grating 
25 and dichroic bandpass filter 34, and a third alternat-^ 
ing series fomned from fibre Bragg grating 26 and dich- 
roic bandpass filter 35. Fibre Bragg gratings 21 and 27 

IS are directly coupled to dichroic bandpass fitters 30 and 
35, respectively. Each of the output ports 40-47 Is direct- 
ly coupled to one of the fibre Bragg gratings or one of 
the dichroic bandpass filters. 

[0025] In operation, a multiplexed composite chan- 
20 nelized optical signal carrying channels having central 
wavelengths A^Jip^ Is launched Into input port 1 2 of op- 
tical coupler 14 via waveguide 16. Each channel has a 
different central wavelength, the 1^* channel has the 
lowest central wavelength X^, the 8^ channel has the 
^5 highest central wavelength X^, and each of the channels 
from 1 -7 has a central wavelength lower than a subse- 
quent channel. 

[0026] The optical coupler 14 divides the optical sig- 
nal into two sub-signals, each sub-signal carrying chan- 

30 nels having central wavelengths X^JHiyillD The first 
sub-signal travels from port 18 to fibre Bragg grating 20 
having a narrow wavelength reflection band X3. The por- 
tion of the signal having a central wavelength ^3 is re- 
flected in a backwards direction away from the fibre 

35 Bragg grating 20, while the remaining portion of the sig- 
nal having central wavelengths A-fJUZyn and XJIIiyD 
passes through the fibre Bragg grating 20 where it is 
incident upon the dichroic filter 30. Dichroic filter 30 re- 
ceives the optical signal corresponding to the non-adja- 

40 cent groups of channels XiJUiyD and X^pcyiD and 
separates said optical signal into two sub-signals corre- 
sponding to channels having central wavelengths X^i^p- 
□(□□and ^[^piyillOThe optical signal corresponding 
to channels having central wavelengths X^^pc^ travels 

45 to fibre Bragg grating 21 having narrow wavelength re- 
flection band Xq, wherein the portion of the signal having 
a central wavelength X □ is reflected in a backwards di- 
rection away from fibre Bragg grating 21 , while the de- 
multiplexed sub-signal having a central wavelength [^-p 

so travels to output port 40. The optical signal correspond- 
ing to channels having central wavelengths X^HHiyil 
travels from dichroic filter 30 to fibre Bragg grating 22 
having narrow reflection band X5. The portion of the sig- 
nal having central wavelength is reflected in a back- 

S5 wards direction away from fibre Bragg grating 22, while 
the remaining portion of the signal having central wave- 
lengths and XjmyD passes through fibre Bragg 
grating 22 where it is incident upon the dichroic filter 31 . 
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DIchroic filter 31 receives the optical signal correspond- 
ing to non-adjacent groups of channels Xn-n and \jD- 
CyX] and separat s said optical signal into two sub- 
signals corresponding to channels having central wave- 
lengths \J3 and XjHym The demultiplexed sub- 
signal having a central wavelength optical signal Xjn 
travels to output port 41 , while the sub-signal con-e- 
spondlng to channels having central wavelengths A^jD- 
q^travels to fibre Bragg grating 23 having narrow wave- 
length reflection band Xj. The portion of the signal hav- 
ing a central wavelength A^DIs reflected In a backwards 
direction away from fibre Bragg grating 23, while the re- 
maining portion of the signal having central wavelengths 
^□p and Qj Is incident upon dichroic bandpass filter 32. 
The signal incident upon dichroic bandpass filter 32 is 
demultiplexed into a sub-signal corresponding to a 
channel having a central wavelength A^, which Is 
passed on to output port 42. and to a sub-signal con^e- 
sponding to a channel having central wavelength Xq, 
which is passed on to output port 43. In summary, the 
first sub-signal conresponding to channels K^P-b suit- 
ing from port 18 of the optical coupler 14, Is demulti- 
plexed into four sub-signals, each corresponding to a 
channel having an even central wavelength, i.e., A^p 
CCb X^JJDand Qj. Similarly, a second sub-signal exit- 
ing from port 19 of the optical coupler 14, is demulti- 
plexed into four sub-signals, each corresponding to a 
chanriel having an odd central wavelength i.e., X^rrn. 
q-,, XtJZDandq-j. 

[0027] The eight-channel demultiplexer has been 
chosen for illustrative purposes only. In general, the de- 
multiplexer is used to demultiplex an n channel optical 
signal to n Individual sub-signals, where n is greaterthan 
or qualtofour. Optionally, a portion of the demultiplexor 
e.g.. section 8, is used to demultiplex the multiplexed 
optical signal. 

It is also to be understood that the demultiplexor oper- 
ates in the reverse direction as a multiplexor. Accord- 
ingly, the demultiplexor is referred to as a multiplexor/ 
demultiplexor, the optical coupler is referred to as an op- 
tical splitter/coupler, the input port is referred to as an 
input/output port, and the output ports are referred to as 
input/output ports. 

[0028] In the embodiment illustrated in Fig 2, the 
waveguides are single-mode optical fibres. The optical 
coupler is used to receive the multiplexed optical signal 
from the input optical fibre 16, and to split the multi- 
plexed optical signal Into two multiplexed sub-signals. 
Obviously, the optical coupler, e.g. a 3 dB coupler, a 
fused fibre coupler, a fused biconical coupler, or a 
waveguide divider coupler, Is not necessary for effective 
use of the demultiplexer. Furthemiore, to compensate 
for the signal Intensity loss Incurred when the optical sig- 
nal is split In half, the demultiplexer optionally includes 
an amplifi r for amplifying the optical signal, e.g. an er- 
bium-doped fibre amplifier. 

[0029] Also in the embodiment illustrated in Fig 2, the 
narrow r flection band filters are fibre Bragg gratings 



and the wideband filters are dichroic bandpass filters. 
Fibre Bragg gratings are regions of refractive index per- 
turtDations within a waveguiding element that s rve to 
reflect incident light of pr detemnined way _ length (s). 
5 The reflection bands are very narrow and precise. Dich- 
roic bandpass filters are constructed from at least a pair 
of collimating graded index (GRIN) lenses, with a thin 
optical element such as a dichroic thin film filter sand- 
wiched therebetween. Dichroic bandpass filters trans- 
10 mit light of predetemriined wavelength(s) and reflect/re- 
direct light at other wavelengths. The bandpass is sub- 
stantially larger than the reflection band of a common 
Bragg grating. Fig. 3 illustrates a cross sectional side 
view of a dichroic bandpass filter. The pair of GRIN lens- 
is es 50a and 60b are shown having their collimating ends 
inwardly facing and their focusing ends outwardly fac- 
ing. Two optical waveguides 52a and 52b are shown co- 
axial with and directly coupled to the lenses along the 
optical axis (OA) of the lenses 50a and 60b, shown by 
a dotted line. A beam profile Is also shown within the 
lenses 50a and 50b as if light was launched from one of 
the waveguides 52a and 52b to a respective lens. An 
optical element in the fomri of a dichroic thin film filter 54 
is shown disposed between the lenses. 
25 [0030] The use of a fibre Bragg gratings and dichroic 
bandpass filters in the instant invention provides a 
number of advantages over other narrow reflection band 
filters and wideband filters, however, the invention Is not 
limited to these filters. Essentially, an important feature 
30 of the instant invention is that a precise, narrow band 
filter is used cooperatively with a courser wide band fil- 
ter, to demultiplex a multiplexed optical signal. 
[0031 1 Moreover, the staggered arrangement of fibre 
Bragg gratings and dichroic bandpass filters is particu- 
35 larlyimportant. Whenan end of a first fibre Bragg grating 
is directly coupled to a first dichroic bandpass filter, the 
first fibre Bragg grating is used to separate a single 
channel from the closely spaced adjacent channels, and 
the dichroic bandpass filter is used for further separating 
40 non-adjacent channels. When a first fibre Bragg grating 
is directly coupled to a first dichroic bandpass filter, 
which in tum is directly coupled to a second fibre Bragg 
grating, which in tum is directly coupled to a second fibre 
Bragg grating, the first Bragg grating Is used to remove 
^5 a wavelength band greater than a predetermined wave- 
length of the first dichroic bandpass filter, the second 
fibre Bragg grating is used to remove a wavelength band 
greaterthan a predetermined wavelength of the second 
dichroic bandpass filter, and the first fibre Bragg grating 
so is used to remove a wavelength band less than the 
wavelength band removed by the second fibre Bragg 
grating. In other words, the plurality of fibre Bragg grat- 
ings and plurality of bandpass filters are arranged so 
that a portion of the multiplexed optical signal corre- 
55 spending to a channel m, and having a central wave- 
length X^, only passes through fibre Bragg gratings hav- 
ing narrow reflection bands below or equal to X^+v 
[0032] For example, th ordering of fiber Bragg grat- 
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ings is such that each of the demuttipiexed optical sub- 
signals corresponding to channels X-i-Xq will have 
passed through a fiber Bragg grating having a reflection 
band that is adjacent to and higher than the central 
wavelength of the passed channel. In section 1 0 of the 5 
dennultiplexer, a demultiplexed sub-signal having a cen- 
tral wavelength X2 will have passed through a fiber 
Bragg grating having a narrow reflection band X3, a de- 
multiplexed sub-signal having a central wavelength X4 
will have passed through a fiber Bragg grating having a 10 
narrow reflection band X5 and a demultiplexed sub-sig- 
nal having a central wavelength will have passed 
through a fiber Bragg grating having a narrow reflection 
band kj. Consequently, each section (8 or 1 0) of the de- 
multiplexer will have passed either even or odd chan- is 
nels, i.e., channels having central wavelengths corre- 
sponding to X^, Xq, Xq or corresponding to X^, X^, X^, 
Xj, respectively. 

[0033] Furthermore, the staggered arrangement illus- 
trated in Fig . 2 shows an ordering of fibre Bragg gratings 20 
that limits coupling to radiation or cladding modes and 
prevents the optical signal from passing through optical 
elements unnecessarily. Specifically, the optical signal 
corresponding to a channel having a central wavelength 
will pass through fibre Bragg gratings having reflec- 
tion bands X2, X4, and (24, 25, and 26, respectively) 
before it passes through dichroic bandpass filter 35. 
Since the cladding modes generally occur 1 .2 to 1 .5 nm 
below the Bragg wavelength of the corresponding filter, 
X5 will be substantially unaffected, i.e., it will not be con- 30 
verted into radiation or cladding modes. This design al- 
lows the present invention to overcome the drawbacks 
of the prior art. Specifically, insertion loss and insertion 
loss ripple is substantially attenuated. 
[C034] Of course numerous other embodiments and 35 
advantages may be envisaged without departing from 
the spirit and scope of the invention. 



Claims 40 

1 . An optical device for multiplexing/demultiplexing an 
optical signal, said optical device comprising: 

at least one input port; 

a plurality of narrow reflection band filters for 
reflecting predetermined wavelengths of the 
optical signal, the plurality of narrow reflection 
band filters optically coupled to the at least one 
input port; and so 
a plurality of wideband filters for transmitting 
other predetermined wavelengths of the optical 
signal, the plurality of wideband filters optically 
coupled to the plurality of narrow reflection 
band filters; 55 
said plurality of narrow r flection band filters 
and said jslurality of wideband filters having a 
stagger d arrangement, wherein a first narrow 



reflection band filter is directly coupled to an 
end of a first wideband filter, the first wideband 
filter directly coupled to an end of a second nar- 
row reflection band filter, and another end of the 
second narrow reflection band filter is directly 
coupled to an end of a second wideband filter, 
wherein the first narrow reflection band filter is 
for removing a portion of the optical signal hav- 
ing a wavelength greater than a predetenmined 
wavelength of the first wideband filter, the sec- 
ond narrow reflection band filter is for removing 
a portion of the optical signal having a wave-^ 
length greater than a predetermined wave- 
length of the second wideband filter, and the 
first narrow reflection band filter is for removing 
a portion of the optical signal having a wave- 
length less than the wavelength of a portion of 
the optical signal removed by the second nar- 
row reflection band filter. 

An optical device as defined in claim 1 , wherein said 
plurality of narrow reflection band filters and said 
plurality of wideband filters are arranged such that 
an optical signal launched into the first narrow re- 
flection band filter is incident upon the first wide- 
band filter before being passed through the second 
nan^ow reflection band filter, and, wherein the plu- 
rality of narrow reflection band filters are in fibre 
Bragg gratings and the plurality of wideband filters 
are dichroic bandpass filters. 

An optical device for demultiplexing a multiplexed 
optical signal to n sub-signals, each sub*signal cor- 
responding to one of n channels, each channel hav- 
ing a different central wavelength, a 1®* channel 
having a lowest central wavelength X^, an n^ chan- 
nel having a highest central wavelength A^, and 
each of n-1 channels having a central wavelength 
lower than a subsequent channel, said optical de- 
vice comprising: 

an input port for receiving the multiplexed opti- 
cal signal; 

a plurality of fibre Bragg gratings optically cou- 
pled to the input port; 

a plurality of bandpass filters optically coupled 
to the plurality of fibre Bragg gratings; and 
a plurality of output ports optically coupled to 
the plurality of bandpass filters, each output 
port for transmitting one of the n sub-signals, 
said plurality of fibre Bragg gratings and said 
plurality of bandpass filters arranged so that a 
portion of the multiplexed optical signal corre- 
sponding to a channel m, and having a central 
wavelength X^^, only passes through fibre 
Bragg gratings having narrow reflection bands 
below or equal to X^^i. wherein m is less than 
or equal to n. 
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4. An optical device as defined in claim 3, wherein said 
plurality of fibre Bragg gratings and said plurality of 
bandpass filters are an-anged so that a portion of 
the multiplexed optical signal passes through at 
least two alternating series of a fibre Bragg grating 
directly coupled to a bandpass filter. 

5. An optical device as defined in claim 4, wherein said 
plurality of fibre Bragg gratings and said plurality of 
bandpass filters are arranged so that a portion of 
the multiplexed optical signal corresponding to a 
channel p. and having central wavelength Ap, only 
passes through fibre Bragg gratings having narrow 
reflection bands selected from X^, V2. 

where p is an odd number less than n. 

6. An optical device as defined in claim 4, wherein said 
plurality of fibre Bragg gratings and said plurality of 
bandpass filters are arranged so that a portion of 
the multiplexed optical signal corresponding to a 
channel q, and having central wavelength A^, only 
passes through fibre Bragg gratings having narrow 
reflection bands seiected from Vi. Vs- Vs. -^1. 
where q is an even number less than or equal to n. 

7. An optical device for demultiplexing a multiplexed 
optical signal to n sub-signals, each sub-signal cor- 
responding to one of n channels, each channel hav- 
ing a slightly different central wavelength, a l^t 
channel having a lowest central wavelength X^, an 

channel having a highest central wavelength X^, 
and each of n-1 channels having a central wave- 
length lower than a subsequent channel, said opti- 
cal device comprising: 

an input port for receiving the multiplexed opti- 
cal signal; 

a plurality of fibre Bragg gratings optically cou- 
pled to the input port; 

a plurality of bandpass filters optically coupled 
to the plurality of fibre Bragg gratings, each of 
the plurality of bandpass filters directly coupled 
to at least one fibre Bragg grating; and 
a plurality of output ports optically coupled to 
the plurality of bandpass filters, each output 
port for transmitting one of the n sub-signals, 
said plurality of fibre Bragg gratings and said 
plurality of bandpass filters forming at least two 
alternating series of a fibre Bragg grating direct- 
ly coupled to a bandpass filter, the fibre Bragg 
grating for separating closely spaced adjacent 
channels, and the bandpass filter for further 
separating non-adjacent channels. 

8. An optical device for demultipl xing a multiplex d 
composite chann lized optical signal to n sequ n- 
tial sub-signals corresponding to n s quential chan- 
nels, each channel having a different central wave- 
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length, 

a l^t channel having a lowest central wave- 
length A^, 

an n*i channel having a highest central wave- 
length Xn, and each of n-1 channels having a 
central wavelength lower than a subsequent 
channel, said optical device comprising: 
a first optical waveguide for carrying the multi- 
plexed composite channelized optical signal; 
a first fibre Bragg grating having an end for cou- 
pling to the first optical waveguide, the first fibre 
Bragg grating for blocking a channel having a 
central wavelength A2 and for passing channels 
having central wavelengths and Xj-A^; 
a first bandpass filter coupled to another end of 
the first fibre Bragg grating, the first bandpass 
optical filter for diverting channels having cen- 
tral wavelengths X^-X^ and for demultiplexing a 
sub-signal corresponding to a channel having 
a central wavelength X^ \ 
a second fibre Bragg grating having an end for 
coupling to the first bandpass filter, the second 
fibre Bragg grating for blocking a channel hav- 
ing a central wavelength X4 and for passing 
channels having central wavelengths X3, and 
X^'X^t and 

a second bandpass filter coupled to another 
end of the second fibre Bragg grating, the sec- 
ond bandpass optical filter for diverting chan- 
nels having central wavelengths Xg-X^ and for 
demultiplexing a sub-signal con'esponding to a 
channel having a central wavelength X3. 

An optical device as defined in claim 8, further com- 
prising an optical coupler having three ports, a third 
port for launching the multiplexed composite chan- 
nelized optical signal into the optical device, a first 
port and a second port for dividing the multiplexed 
composite channelized optical signal into two sub- 
signals, the first port optically coupled to the first op- 
tical waveguide. 

An optical device as defined in claim 9, further com- 
prising: 

a second optical waveguide optically coupled 
to the second port of the optical coupler, 
a third fibre Bragg grating having an end for 
coupling to the second optical waveguide, the 
third fibre Bragg grating for blocking a channel 
having a central wavelength X3 and for passing 
channels having central wavelengths X^ -X^ and 
X4-X„; 

a third bandpass filter coupled to anoth r nd 
of the third fibre Bragg grating, the third band- 
pass optical filter for div rting chann Is having 
central wavelengths X4-Xn and for passing sub- 
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signals corr sponding to channels having a 
central wavelengths and 
a forth fibre Bragg grating having an end for 
coupling to the third bandpass fitter, the forth 
fibre Bragg grating for blocking a channel hav- 5 
ing a central wavelength and for passing and 
demultiplexing a sub-signal with a channel hav- 
ing central wavelength Xg; 
a fifth fibre Bragg grating having an end for cou- 
pling to the third bandpass filter, the fifth fibre 10 
Bragg grating for blocking a channel having a 
central wavelength X5 and for passing a sub- 
signal with channels having central wave- 
lengths X4, Xfi-Xn; and 

a forth bandpass filter coupled to another end i5 
of the fifth fibre Bragg grating, the forth band- 
pass optical filter for passing channels having 
central wavelengths Xg-A^, and for demultiplex- 
ing a sub-signal corresponding to a channel 
having a central wavelength X4. 20 

11. An optical device for demultiplexing a nnultiplexed 
composite channelized optical signal to n sequen- 
tial sub-signals corresponding to n sequential chan- 
nels, each channel having a different central wave- ^5 
length. 

a l^t channel having a lowest central wave- 
length X^, 

an n^ channel having a highest central wave- 3o 
length Xn, and each of n-1 channels having a 
central wavelength lower than a subsequent 

channel, said optical device comprising: 
an optical coupler having first, second and third 
ports, said third port for receiving the multi- 35 
plexed composite channelized composite opti- 
cal signal, said first and second ports for divid- 
ing the multiplexed composite channelized 
composite optical signal into first and second 
sub-signals, a first sub-signal passing through 40 
a plurality of optical elements for demultiplexing 
to n/2 sub-signals corresponding to channels 
having central wavelengths X^, Xn.2, X^^, . ..X2, 
and a second sub-signal passing through a 
second plurality of optical elements for demul- 45 
tiplexing to n/2 sub-signals corresponding to 
channels having central wavelengths X^.^ , Xn.3, 
Xp.5, ...X^, 

said first plurality of optical elements compris- 
ing a plurality of bandpass filters for passing a so 
portion of the first sub-signal having central 
wavelengths corresponding to X^, Xn.2, Xp.4, .... 
X2, and a plurality of fibre Bragg gratings for re- 
flecting another portion of the first sub-signal 
having central wavelengths corresponding to 55 

^n-1» ^-3' ••^1' 

said second plurality of optical elements com- 
prising a plurality of other bandpass filters for 



passing a portion of the second sub-signal hav- 
ing central wavelengths corresponding to Xn.^, 
^n-5» srid a plurality of oth r fibre 
Bragg gratings for reflecting another portion of 
the second sub-signal having central wave- 
lengths corresponding to X^, Xn.2, Xn-4» • 
said first and second plurality of optical ele- 
ments each comprising at least two alternating 
series of a fibre Bragg grating directly coupled 
to a bandpass filter, wherein each alternating 
series is directly coupled to another, and where- 
in the fibre Bragg grating is for reflecting a por-^ 
tion of the optical signal having a centre wave- 
length which is greater than a predetermined 
centre wavelength of the bandpass filter. 
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